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Resuspension of Fibers from Flooring 

Jacky A. Rosati , Mark Maddaloni , Jonathan Thornburg , and Charles Rodes
RTI Internationa

ABSTRACT 
The Wor d Trade Center WTC) col apse on 9/11 and the subsequent c eanup re eased a large part culate oading dust nto the env ronment prox mal to the WTC complex. Th s dust included bui ding mater als, such as asbestos and manmade vitreous fibers. A though much of the dust deposited outdoors, a signif cant quant ty penetrated into residences and 
businesses in the surrounding area. As the resuspens on of part cles from human act es, such as walk ng and vacuum ng, could result n unhea thful air concentrations in the immediate v cinity of activity and as these particles may translocate to other ndoor ocat ons and surfaces w th n a residence, a study was designed to better assess potent  exposures to 
WTC-derived fibers due to resuspension. 

Th s research sought to re ate carpet concentrat oading) of asbestos-type f bers to the concentrat on of f bers resuspended ndoor air dur ng normal human act vit es. To achieve this object ve, the work nvest gated f ber resuspension from carpeted f ng surfaces due to human activities, such as wa ng and vacuum ng, n re at on to vertical height. 
Addit onally, re at onships were developed em ssion factors) between resuspended f bers and fiber concentrat on present n the carpeted surface ( oading . Final y, a compar son was performed of current sampl ng/analys s methods for f bers in carpets inc uding m crovac ASTM Method D5755-03), ultrasonicat on, and scanning electron m croscopy. Dur ng th
study, the effect of variables, such as carpet age, carpet wear, and re ative hum ty, on resuspension of fibers was considered. 

Th s work was a col aborative effort between U.S. EPA/ORD, U.S. EPA Region 2, and RTI Internat onal. The results of th s study will ass st n the management of exposure from catastroph c events, such as occurred at the WTC s te, n addit on to bui ng demolition and asbestos contam on situat ons. Addit y, these results will a n the deve opment of 
sk-based clearance cr teria for asbestos in sett ed dust on porous surfaces. Wh le surface sampl ng for asbestos is readi y accompl shed, data relat ng asbestos load to indoor air concentration is a critical step in assessing the potential risk posed by asbestos n sett ed dust. Thus, th s research has prov ded va uable data on the basic re at onship between f

oads in carpets and ndoor air as we  as useful nformat on on the factors that nfluence that re at onship such as carpet sampl ng methods, air sampl ng locat oading, carpet age, act ty patterns (e.g., wa ng, vacuum ng), and re at ve hum ty. 

New and o d 3’ x 3’ carpet was seeded with Wo astonite. 
Seeded carpet was placed in un form f ow chamber (Figure 1). 
Subject wa ked and vacuumed carpet ins de chamber for 5 minutes. 
Sampl ng ports a lowed isokinet c samp ng from the test space. 
Temperature and relat ve hum dity were mon tored. 
Airborne fiber concentration and s ze distr but on samples taken. 

Size Distribution - Aerodynamic Particle Sizer, TSI Inc., St. P 
Mass/Concentration – URG Mass Filter Sampler, URG Inc., 

Carpet oading determined by: 
Scanning Electron Microscopy

crovac ASTM Method 5755-95
Ultrasonication (Millette et al., 1993

Emission factor = Airborne fiber concentration * Room volume 
Carpet load ng * Walking area 

Size dependent fiber emiss on factors generally fell between 0.01 and 0.10 µg/µg for wa ng (both count and mass). 
K-factors ranged from 10 to 10 for walking. 
RH and carpet age wear had a s cant affect on fiber resuspension.  

At low RH (40%), fiber emiss on factors from new carpet were significantly ower than those from o der, worn carpets. 
For aerodynamic diameters > 2 microns, emiss on factors for new carpet at higher RH (90%) were up to four t mes 
greater than for new carpet at ower RH. For aerodynamic diameters <2 microns, the reverse trend was seen, w
emission factors for new carpet greater at lower RH (Figure 2). 

Vacuuming of both new and o d carpets resulted ower emiss on factors than walking on the carpet (F gure 3). 
Compar son of sampling/ana ys s methods for f bers in carpets showed that the microvac techn que best est mated part culate 
ava ab e for resuspension, with SEM analys s accurate on y for new carpets, and ultrasonication overest mat ng ava ab e PM. 

Th s study prov des data on the bas c re at onsh p between f ber oads n carpets and indoor a r as we as useful information on the 
factors that nfluence that relationship such as carpet samp ng methods, a r sampling ocat on, load ng, carpet age, activ ty e.g., 
walking, vacuuming), and re at ve humidity. The resu ts of th s study will assist in the management of exposure from catastrophic 
events, bu ng demol on and asbestos contamination situat ons. 
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gure 3: Count Based Em ss on Factor by Aerodynam c Diameter 
for vacuuming and walking 

gure 2: Mass Based Em ss on Factor by Aerodynam c Diameter 
for High and Low RH 
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